Abstract. Using meso-scale meteorological model FDDA, this study presented a high-definition modeling of a rainstorm process during July 19-21, 2016 in the North China Plain. The meso-scale meteorological model captured the precipitation distribution of the observed rainstorm over North China Plain, showing that the FDDA model has strong ability to simulate and forecast precipitation. The modeling study also revealed the mechanism of rainfall formation with 3-dimensional structures of atmospheric circulation. The subtropical high pressure peripheral warm and wet air flow and the coexistence of cold shear affect the development of convection in the rainfall area. Due to the vapor transport of low-level jet stream, the rainfall area has sufficient water vapor supply. A convergence of the south-easterly and northerly airstreams triggered a strong convection for the summer rainstorm in North China Plain. The study provided us the valuable information for further development of a high-definition modeling of rainstorm process.
Introduction
Rainstorm is one of the major disastrous weather in China, which is also the key and difficult point of meteorological forecast service. The sudden and strong local rainfall in the North China Plain coupled with the special topographical features has increased the difficulty of forecasting the finely divided areas and the main precipitation periods.
Rainstorms are the product of the interaction of weather systems at various scales, and low-level jet stream is closely related with heavy rain, accompanied by emergence. The heavy rain area is located in the range of 100-200km to the north of low-level jet stream [1] . Yang et al. analyzed the torrential rain process in Hebei Province of North China Plain and revealed that under a same influence system, the formation mechanism of rainstorms in different regions of Hebei Province was different [2] . Wang et al. analyzed the phenomenon of dry intrusion during a torrential rain in central region of North China Plain from the characteristics of temperature advection evolution [3] . Zhang et al. pointed out the diagnostic analysis of a torrential rain that the initial release of unstable energy is one of the conditions that trigger the occurrence of heavy rainfall [4] . Meng et al. successfully simulated a heavy rainstorm in Wuhan of China using the four-dimensional assimilation scheme of satellite brightness data [5] . In addition, many scholars have done a lot of studies on the mechanism of rainstorms in the North China Plain from different perspectives.
Due to the low temporal and spatial resolution of conventional observed data, the diagnostic results have some limitations for understanding the mechanism of rainstorm in the North China Plain. This study presented a fine resolution process during July 19-21, 2016 over North China Plain with a meso-scale meteorological model.
Data
The following data are used for this paper: (a) Final Operational Global Analysis (FNL) provided by NCEP. (b) Data of FDDA: An advanced dynamical climate analysis downscaling system. This paper employs the NCAR Weather Research and Forecasting (WRF) -based FDDA weather downscaling tool to generate 20 years of dynamical downscale regional reanalysis for China at 9-km grid intervals. WRF Climate-FDDA is an "observation-nudging" FDDA capability that allows effective assimilation of temperature, wind, and moisture observations from all platforms, measured at any location within the model domains and any time within a given data assimilation period. With the "observation-nudging" formulation, each observation directly interacts with the model equations and thus the scheme yields dynamically and diabatically initialized analyses to support the applications that need regional 4-D full-field weather fields and/or "spun up" initial conditions for regional NWP simulations. NCAR Climate-FDDA uses global reanalysis as a background large-scale driver, assimilates regional observation, and simulates high-resolution processes with detailed terrain and land-surface forcing. The modeling system is specially formulated for effectively downscaling to produce high-resolution, high-fidelity regional climate reanalysis with assimilation of all available observations.
The CEPRI-NCAR China-9km FDDA system effectively combines the NASA MERRA version 2 global weather reanalysis datasets (at 60-km grid resolution), high-resolution topography, landscape (land use) and soil property data, and regional weather observations to produce dynamically balanced and physically consistent high-resolution downscaling climate reanalysis over China. The reanalysis data contain detailed three-dimensional cloud hydrometeors (ice crystals, cloud droplets, rain drops, snow and graupel) and complete solar radiation parameters (direct, reflecting, and diffusing radiation fluxes) that are essential for renewable energy development and power-grid weather safety. In addition, the reanalysis product can be employed to assess hazardous weather and provide guidance on damage mitigation after weather disasters, and used as weather environment references to facilitate development of weather-related smart-grid technologies and/or define the standards/grades of the power equipment materials and geographical layout of electric power transmission facilities in the region.
Modeling Results
In this paper, using the FDDA model and FNL, we conducted a simulation with fine vertical resolution to investigate the rainstorm process over North China Plain form July 19 to 21, 2016.
Precipitation Distribution
Starting from the afternoon of July 19, 2016, due to the influence of the subtropical high-pressure periphery warm-humid flow and the cold-eddy shear, a greater range of precipitation appeared in the North China Plain. The weather is observed by heavy rainfalls. Figure 1 shows simulated and observed precipitation from July 19 to 21,2016. Compared with the observation of precipitation. The model FDDA well reasonably simulated the general of heavy rain and heavy rainstorm. As can be seen from the Figure 1 , the large rainfall centers is in located the northern part of North China Plain. 
Synoptic Patterns
At 18:00(UTC) on July 19, 2016, a cyclone circulation appeared at a height of 500 hPa, after which a distinct vortex formed. At this time, the North China Plain happened to be located in the southerly airstream in the front of the low vortex. And at the same time, a more intense continental ridge of high pressure appeared in the downstream area. At 700 hPa, there are obvious low vortices. The wind speed on both sides of the warm-wet shear line is relatively high, delivering large amounts of water vapor to heavy precipitation areas and providing vertical convection conditions. At different altitudes, it can be found that the warm shearing force is the major influence system of heavy precipitation. In the form of various layers of field, warm and wet shear line almost the same location, showing a vertical structure. There are low-level jet stream and ultra-low-level jet stream established in North China with a continuous delivery of adequate warm air flow and the required energy. On the ground, there is a high pressure center in the Korean peninsula area, where cold air spreading southward continuously affects North China. At this time, the North China Plain is in the rear of high pressure and north of low pressure. At 11:00 on July 19 (Fig.3(a) ), the continuous cold air intrusion into North China, and 17:00 on the July 19,2016 (Fig.3(b) ), the southward low pressure moved northward eastward. The easterly flow in the north of the low pressure and the northerly flow in the back of the high pressure formed a mesoscale convergence line in North China Plain. Low-level wind shear and wind convergence are conducive to convective rainfall over North China Plain.
Vapor Transport
The occurrence of heavy rainfall, could need sufficient water vapor supply. Due to the low-level jet stream in Southwest, from 06:00 on July 20, relative humidity at 2m relatively concentrated in central and northern Hebei, and the relative humidity of about 90%.The relative humidity of 850 hPa is mainly concentrated in Hebei area of North China Plain. The relative humidity of 700 hPa in north central Hebei Province is above 90%, and the water vapor content is close to saturation, forming a high-humidity area, indicating that the humidity conditions and is favorable for local heavy rainfall.
The wind could drive vapor transport and convergences. By analyzing the hourly wind field, it is found that the prevailing northerly air flow prevails in northern North China at 6:00 on July 20 .The south-easterly airstream met with the northerly airstream, resulting in convergence of the wind, triggering a strong convection process, resulting in heavy rainfall. On the left side of the low-level jet stream at 700 hPa, there is a clear cyclonic convergence zone of wind field, which is favorable for precipitation.
. 
Conclusion
This paper presented a fine resolution simulation of a rainstorm process in the summer of 2016 over the North China Plain. The meso-scale meteorological model quite well captured the precipitation distribution of the observed rainstorm over North China Plain, reflecting that the FDDA model has strong ability to simulate and forecast precipitation. The modeling study also revealed the mechanism of rainfall formation with 3-dimensional structures of atmospheric circulation. The subtropical high pressure peripheral warm and wet air flow and the coexistence of cold shear affect the development of convection in the rainfall area. Due to the vapor transport of low-level jet stream, the rainfall area has a sufficient water vapor supply. A convergence of the south-easterly and northerly airstreams triggered a strong convection for the summertime rainstorm in North China Plain.
